ROBERT RUSSELL RACE
28 N o v e m b e r 1907 -15 A pril 1984 E lected F . R .S . 1952 By S ir C yril C larke, F.R.S. R o b e rt's fath e r, Jo sep h D aw son R ace, was b o rn in C h in a, th e son o f a W esleyan m issio n ary w ho, th o u g h n o t m edically qualified, sp e n t m ost of his tim e tre a tin g p a tie n ts at W a -su c h , a m ark e t tow n on the banks of the Y angtse, and is rec o rd e d as h aving successfully rem oved a cataract. R o b e rt's g ra n d fa th e r died of ty p h o id in C h in a and his w idow b ro u g h t her tw o sons (R o b e rt's fath e r and uncle) to E n g lan d . H is fath e r becam e secretary of th e C olonial B ank and later of B arclays B ank D o m in io n C olonial and O verseas and he m a rrie d M ay T w ed d le , w ho cam e from N o rth u m b e rla n d . T h e o th e r son, R o b e rt's uncle, becam e a W ra n g ler at St J o h n 's C ollege, C a m b rid g e , and in the next g en eratio n th ere w ere tw o boys, the elder, P h ilip , a law yer, som etim e V ic e -P re sid e n t of the M e th o d ist C h u rc h and V ic e -P re sid e n t of the L aw Society and the y o u n g e r one, S te p h en (S teve), becam e a p ian ist, w it and w ell-know n b ro ad c a stin g p ersonality.
R o b e rt's m atern al g ra n d fa th e r was a b u ild e r in Co. D u rh a m and his m atern al g ra n d m o th e r ( n e eB am b o ro u g h ) cam e from N o rth u m b e rla R ob also had a m issio n ary c o n trib u tio n from his distaff side as a m atern al au n t (B. M . T w e d d le K i-H ) w orked as one in S o u th In d ia and sta rte d a w eaving in d u stry there. R ob d escrib ed his hom e life as being very happy, and so w ere his two m arriages. T h e first was in 1938 to M a rg a ret M onica R o tton, w ho died in 1955 . S he was th e d a u g h te r of J. R. C. R o tto n , M .V .O ., a so licito r, and M eta R o tto n , nee M o ser, again of N o rth u m b ria n an cestry . H e r p a te rn al g ra n d fa th e r was C olonel R o tto n , C h a irm a n of the L o n d o n C o u n ty C o u n cil. T h e re w ere th re e d a u g h te rs by R o b 's first m arriage: th ey are all know n by th e ir second nam e an d th e eldest, C h a rlo tte L u c y (now E nnis) has tw o d a u g h te rs. L u cy w as e d u c ate d at S t P a u l's J u n io r School and T h e M o u n t, M ill H ill, and is a M o n te sso ri tra in e d tea c h e r w ho ru n s a school for 2 -4 year olds. R o b 's second d a u g h te r is A lice C a th e rin e Race M .B ., B .S. (L o n d o n ) M .R .C .P a th . and she was e d u c ate d at S t P a u l's G irls School and S t T h o m a s 's H o sp ita l M edical S chool. C ath y is now a h a em ato lo g ist at Poole G en eral H o sp ital. I he th ird is S arah N ell (now R ans), an a rtist. N ell too was e d u c ate d at S t P a u l's G irls School and th e W est S u rre y C ollege of A rt and D esign, F a rn h a m , and she has tw o d a u g h te rs.
R o b 's second m arriag e in 1956 w as to R u th A n n S anger, one of his assistan ts at th e M edical R esearch C ouncil B lood G ro u p U n it. She is the d a u g h te r of the Rev. H u b e rt (T o m ) S anger, H e a d m a ste r of th e A rm id ale S chool, N ew S o u th W ales, and K a th a rin e M . R. S an g er {nee C am ero n ).
R u th is a first cousin of F re d erick S an g er C .H ., C .B .E ., F . R .S . , N obel L a u rea te in C h e m istry 1958 and 1980 , and w as h e rse lf elected to the F ello w sh ip of the Royal Society in 1972. E ducation F ro m 1917 to 1920 R ob w en t as a day boy to his p re p a ra to ry school, C olet C o u rt. A lm ost fro m th e b eg in n in g he w as a form below his y o u n g er b ro th e r. T h is pro v ed no w orry; indeed R ob fo u n d h im very useful for help w ith his h om ew ork, m ostly L a tin and G reek.
F ro m 1920 to 1926 he was a day boy at S t P a u l's School and th e re he enjoyed the social and a th letic side, p a rticu la rly ru n n in g and sw im m ing. As at his p rep , school th e w ork was m ostly L a tin or G reek , w hich he fo u n d b o rin g , n ever reaching th e stage of b ein g able to read it for pleasure. H ow ever, he enjoyed a w eekly afte rn o o n of biology w ith 'D a d d y ' T h o m a s and later on he p a rticu la rly relished a session of E n g lish litera tu re w ith M r E. S. Boas, w ho gave h im a lifelong in te rest in the subject. T w o o th er m asters w ho m ade an e n d u rin g im p ressio n w ere A. S. T ow sey (classics) and T . G o u ld (m ath em atics) and, for the space of th re e -q u a rte rs of an h o u r, the eccentric D ig b y de la M o tte (classics). I he reason for such a sh o rt stay in his form was th a t it was the first day of term and the new s cam e th ro u g h th a t I h ad passed th e L o n d o n M a tric u latio n exam and was to be m oved into the sm all m edical form for classical boys. W ith som e cerem ony de la M o tte left his desk, shook m e by the h an d and said w hat a pleasure it had been to have m e in his form . A t school, R ob rep o rts, he w on no sch o larsh ip s or prizes.
In 1926 he w ent as a m edical s tu d e n t to S t B a rth o lo m e w 's H o sp ital and as at school he en jo y ed th e social and a th le tic aspects, sw im m in g and c ro s s -c o u n try ru n n in g , b u t he lacked e n th u sia sm for the w ork, his c u rio sity at th a t tim e b e in g d ire c te d to E n g lish lite ra tu re . H ow ever, to w a rd s th e en d of his tim e he began to be in te re ste d in m o rb id an ato m y , in w h ich he was en c o u ra g e d by H . P. N elso n , one of th e earliest th o racic su rg e o n s, w ho trag ically d ied fro m sep ticaem ia, th e resu lt of an infected c u t su sta in e d w hile o p e ra tin g (p re -p e n ic illin days). R o b q ualified M .R .C .S ., L .R .C .P . in 1933 b u t he n ev er sat the L o n d o n M .B ., B .S. H is frie n d s at B a rt's in clu d e d R o b e rt K n o x , later P ro fe sso r of B acteriology at G u y 's H o sp ita l, and R. G w y n M acfarlan e, later F .R .S . a n d F ellow of All S ouls. A fellow s tu d e n t at B a rt's, R oger G ilb e rt, sta rte d a sm all p lay re ad in g g ro u p in w hich R ob took g reat p leasu re. It lasted for several years and d u rin g th e p e rio d th ey w ere jo in e d by a y o u n g m an, Alec G u in n e ss, w ho w a n te d to be an actor; th is he achieved in d eed and was later k n ig h te d . A n o th e r m e m b e r of th e g ro u p was O w en S a u n d e rs, later elected F .R .S . and k n ig h te d , and to becom e th e V ic e-C h an cello r of th e U n iv e rsity of L o n d o n .
As at school, R ob w on no sch o larsh ip s, prizes o r d istin ctio n s.
C areer and research
A fter q u alify in g , R ob becam e C asualty O fficer at S t B a rth o lo m e w 's H o sp ita l, R o ch ester, and th ere he ac q u ired an a d m iratio n for T h a m e s sailing b arges, of w hich th e re w ere still a g reat n u m b e r afloat, th o u g h they w ere b e in g su p e rse d e d by tu g s and lig h ters. H e b o u g h t a T h a m e s barge, on w h ich he and his wife w ere to live for 5 years in L o n d o n at H a m m e rsm ith , sailing in the T h a m e s estu a ry w hen possible.
W ith th e help of H . P. N elson, R ob o b tain e d a post as assistant p a th o lo g ist at th e H o sp ita l for C o n su m p tio n and D iseases of th e C hest, B ro m p to n (later called the B ro m p to n H o sp ital) and was th ere for ab o u t 2 years, after w hich he th o u g h t he sh o u ld m ove. H e n o ticed an a d v e rtise m e n t in th e British M edical Journal saying 'A ssistan t serologist w anted, m u st be m edically q u a lifie d '; of th is step he has said 'I did not know w h a t a serologist was and did no t apply at first, b u t 2 weeks later I th o u g h t I sh o u ld , b u t could n o t find the B M J . It was eventually fou n d on the floor and I did apply: had it n o t been fou n d I w ould no t have done an y th in g m ore ab o u t it. T h e jo b was at th e G alto n L a b o rato ry , U n iv e r sity C ollege L o n d o n . R. A. F ish er in terv iew ed m e and I was sw ept off m y feet. H e asked if I could com e, and I was im m ediately aw are of p ro m o tio n (th o u g h m y salary w ent dow n from £ 3 5 0 a year at th e B ro m p to n to £2 5 0 a year at the G a lto n ).' G . L . T a y lo r, M .D ., F .R .C .P ., was in charge of the sm all G alto n L a b o ra to ry S eru m U n it, set up in 1935 by F ish er, w ith a g ran t from the R ockefeller F o u n d a tio n . D u rin g the G a lto n perio d (1937-39) R ob becam e a m eticulous blood By A u g u st 1939 th e U n it had a c cu m u la te d th e d ata fo r O , A a n d B g ro u p s fro m over 58 000 p e rso n s, w h ich was rec o rd e d at th e In te rn a tio n a l G e n e tic a l C o n g re ss at E d in b u rg h . T h e A ir F o rc e w ere th e first to benefit, 10 000 m en a n d w o m en b e in g th e first ever accu rately g ro u p e d .
A t th e o u tb re a k o f w ar in 1939, th e U n it w as m oved to th e D e p a rtm e n t of P ath o lo g y at C a m b rid g e . R. A. F ish e r cam e a few years later as P ro fe sso r of G e n e tic s. T h e g ro u p w as know n as th e G a lto n L a b o ra to ry S e ru m U n it an d it becam e p a rt of the E m e rg e n c y B lood T ra n sfu s io n S ervice, b u t it c o n tin u e d to be a d m in iste re d by th e M .R .C . (the M .R .C . h ad also a d m in iste re d th e R ockefeller g ra n t w hile th e U n it was at th e G a lto n ).
As has b e e n said, th ey led th e c o u n try in ty p in g the A B O blood g ro u p s of several th o u sa n d s of in d iv id u als. T h is n o t only gave th e p ro p o rtio n s of th e fo u r A B O p h e n o ty p e s in th e U .K . b u t th e gene fre q u e n c ie s as well. T h e s e afford a m o re d ire c t w ay of c o m p a rin g th e blood g ro u p s of d ifferen t p o p u la tio n s th an do p h e n o ty p e freq u en cies. T h e gene fre q u e n c ie s also allow the te stin g of th e tr u th of th eo ries co n c ern in g the in h erita n c e of th e g ro u p s, an d , m o st useful of all, they can be used to show th a t a sam ple co n tain s a reasonable d istrib u tio n o f the g ro u p s, and confidence can th e n be placed in th e te c h n iq u e used.
A t C a m b rid g e th e re w ere tre m e n d o u s advances, p a rticu la rly w h en th e R h esu s sy stem was d isco v ered , b u t before going into th ese it is im p o rta n t to rec o rd tw o o th e r aspects of w ork in th e 1937-39 G a lto n tim e, one 'a n e c d o ta l' and th e o th e r a definite scientific p roject.
T h e first is taken from Jo an F ish e r B ox's b io g ra p h y of h er fath er. She w rites: 'F ish e r su g g ested th a t th e re sh o u ld be reciprocal injections of b lood am ong th e lab o ra to ry staff. H ow ever, the m edical m em b ers, T a y lo r and Race, " vaguely re m e m b e rin g th e ir H ip p o c ra tic o a th s " th o u g h t this w ould n ev er do; and so (R ace reflected later) the discovery of R h w as p ro b a b ly p o stp o n e d for tw o years and left to the A m ericans. H ad F is h e r's plan b een carrie d o u t, a n ti-R h , and p erh a p s a n ti-K e ll, w ould very likely have been m ade by som eone, a n ti-K e ll because F ish er was later fo u n d to be K ell-p o sitiv e. H ad the injections been confined to m ales th ey w o u ld p ro b ab ly have done little harm : later know ledge show ed th at th e e x p e rim e n t could have been d isastro u s to the offspring of som e of the fem ales w ho m ig h t have been involved, for th ere was no effective tre a tm e n t for haem olytic disease of the n e w b o rn in those d a y s'.
F o r b e tte r or for w orse, th a t p a rtic u la r ex p e rim e n t was no t m ad e-R ob and T a y lo r, as m edical m en, w ere q u ite rig h t. T h e A m ericans m ade the R hesus discovery w ith anim als, w hich was also q u ite right.
T h e second, the scientific p ro ject, was on acholuric jau n d ic e, th o u g h the w ork was n o t p u b lish e d until 1942. R ob greatly enjoyed visiting the affected fam ilies w ith Ja n e t V aughan (later D .B .E ., F . R .S .) . T h e essential findings w ere th a t the c o n d itio n (already know n to be in h erite d as an autosom al d o m in a n t) show ed no close linkage w ith A B O , M N or secreto r, eye c o lo u r or a tta c h m e n t o f th e lobes of th e ears, and th e re was evidence against partial sex linkage. T h e re w as fo u n d to be a significant sh o rtag e of a ch o lu ric m e m b e rs in the sib sh ip s, p ro b a b ly because of a high m iscarriag e rate in th e ja u n d ic e d b ra n c h e s of th e fam ily. R o b 's p a p e r was m u ch refe rre d to and th e fam ily card s c o n su lte d up to 40 years later. T h e r e was also som e s u p p o rt for th e existence of an a c q u ire d fo rm of the disease.
W e now com e to the m o st im p o rta n t aspect of R o b 's research career, nam ely his w ork on th e R hesus b loo d g ro u p s, w h ich g rip p e d h im fro m the m o m e n t th a t new s of th e ir discovery and clinical significance by L ev in e and W ie n e r reach ed E n g la n d and th e C a m b rid g e u n it early in th e 1940s.
R ob s ta rte d to im m u n iz e ra b b its w ith rh esu s ( rhesus) m onkey blood. A n an tib o d y was p ro d u c e d th a t d istin g u ish e d R o b 's ow n cells (later know n to be R h 4 -v e ) fro m those of R o n ald G reav es fro m th e D e p a rtm e n t of P ath o lo g y (later show n to be R h -ve). A t a b o u t th e sam e tim e, a p a tie n t in A d d e n b ro o k e 's H o sp ita l was rea d in g an article ab o u t R h and h aem o ly tic disease of th e n e w b o rn (h .d .n .) and said to th e d o c to r 'T h a t 's w h a t's w ro n g w ith m y b a b y '. R ob was co n tacted , leapt on his bicycle and sure en o u g h M rs R id h ad a saline reactive a n ti-R h (a n ti-D ). R ob n ev er looked back; R h was his obsession, so m u ch so th a t in 1943 D r T a y lo r relieved h im of all ro u tin e d u ties to investigate a m o st u n u su a l p h e n o m e n o n , an a n tib o d y , the cause of a b a b y 's illness, b u t m ade in an Rh + ve (not negative) m o th e r. H e r blood h ad b een sent by D r A. J. M cC all of S to k e -o n -T re n t and the an tib o d y was fo u n d to a g g lu tin ate 81% of E n glish bloods, in clu d in g th e cells of all R h (D ) negative bloods. T h e y called this new se ru m St (after the first tw o lette rs of th e m o th e r 's su rn am e) and it pro v ed of g reat value in the reco g n itio n of alleles of the Rh gene and the resu ltin g g enotypes. T h e S t seru m (later called an ti-c) alw ays reacted w ith all R h -ve people, and also w ith the cells of those people w ho w ere know n by fam ily stu d ies to be h etero zy g o u s R h -/ + . It also reacted w ith R h 2 (one of th e types of R hesus p ositive now know n as cD E ). T h e m o th e r in th is case was w hat we now call C D e /C D e and had form ed anti-c. (T h is w as before F ish e r had p ro d u ce d his m asterly clarification of the R hesus blood g ro u p s, and R ob was feeling his way in u n c h a rte d g ro u n d .) T h e m o th e r had been im m u n iz e d by h er first (healthy) C D e /c d e baby; a su b se q u e n t child died of h .d .n . (no in vestigations m ade) and a th ird child (C D e /c d e) was affected, b u t saved by tran sfu sio n s.
By 1943 th e seru m of m ost m o th e rs of babies w ith h .d .n . was being investigated. W ith the help of an R h a n tib o d y a g g lu tin a tin g 29% of bloods p ro v id ed by K a th le e n B oorm an and B arbara D o d d (w ith the E m ergency Blood T ra n sfu sio n Service at S u tto n ) and of a n o th e r 68% an tib o d y found by P ro fesso r D . F. C ap p ed and M arjo rie M c F a rla n e (both th en in D u n d ee), R ob was able to draw up a table of reactions.
A fter th e d a y 's w ork R ob a n d F is h e r (w ho h ad m oved to C a m b rid g e in 1943) used to m eet at th e B un S h o p , a little p u b lic h ouse h a n d y to th e P a th o lo g y D e p a rtm e n t, an d alm o st every ev en in g th ey w o u ld be fo u n d th e re , d rin k in g b e e r and talk in g over th e tan g le of th e e m e rg in g Rh resu lts. T h e g rea t discovery w as recalled in 1982 by Race & S an g er in Vox
Sanguinis, w h ich w as re c o rd in g 'M ile sto n e in blo o d tra n sfu sio n an d im m u n o h a e m a to lo g y ':
'O ne ev en in g a fter th e fo u rth a n tib o d y (70% reacting) h ad com e o u r w ay a n d we h ad w o rk ed o u t its reactio n s, we gave th e resu lts to S ir R o n ald F is h e r in a C a m b rid g e p u b called th e B un S h o p a n d they looked like th is (table I). T h e reactio n s are those o f w h at we th en called h a p lo id an tig en s b u t are now called h a p lo ty p es.
Table I

Sera
Reactions of haploid genes and antigens
'As far as is rem e m b e red F ish e r did n o t co m m en t on the " ta b le " b u t he took it off to C aius C ollege, w h ere he lived. H e p ro b ab ly had only a b o u t tw o h o u rs th in k in g tim e after d in n er, for he w ent to bed early. A nyhow , by B un S h o p tim e the nex t day he had p ro d u ce d a so lu tio n (table II). The reactions within the enclosure are those known before Fisher formulated his theory. The predictions made by the theory are shown outside the enclosure; those yet to be confirmed serologically are shown in pa rentheses.
'H e h ad n o tic e d th a t th e reactio n s o f tw o of th e a n tisera, th e 80% and th e 7 0 % , w ere a n tith e tic a l and he su p p o sed th a t the an tig en s and genes reco g n ized by these tw o a n tib o d ie s w ere allelic and called th em C an d c. T h e reactio n s of th e re m a in in g tw o a n tise ra w ere n o t a n tith e tic a l: th e an tig en s w h ich th ey w ere reco g n izin g F ish e r called D and E and su p p o sed th a t th ey also h ad allelic fo rm s, d a n d e, w hich w o u ld be capable in fav o u rab le c irc u m stan c e s o f s tim u la tin g th e ir ow n an tib o d ie s, a n ti-d and a n ti-e. A n d th a t evening, at th e B un S h o p , he p ro d u c e d th e fam ous schem e a n d th e im m ed ia te reactio n was p u z z le m e n t and lack of u n d e rs ta n d in g , especially on th e p a rt of Race; colours a n d even m u sic w ere trie d b u t did n o t help; ev en tu ally u n a id e d u n d e rs ta n d in g alone cam e to th e rescue, an d th e re a fte r it was im p o ssib le to believe a n y th in g else. ' T h e first step in th e co n firm atio n of th e th e o ry w as th e fin d in g th a t the tw o u n k n o w n reactio n s of C D E (R z) w ere show n to be as p re d ic te d . T h e n , in 1945, a n ti-e w as fo u n d by M o u ra n t and it gave th e p re d ic te d reactions. A n d 4 years later C lara van den B osch and A. S. W ie n e r in d e p e n d e n tly d isco v ered th e an tig en c o m b in a tio n C d E (ry) and it too gave th e reactio n s p ro p o se d by F ish er. A t first, it seem ed th a t th e ex p ected a n tib o d y a n ti-d h ad b een fo u n d in th e S tates b u t now it seem s very p ro b ab le th a t no such a n tib o d y exists and the reason for its absence rem ain s an in te re stin g puzzle.
'S h o rtly a fter th e d esig n in g of th e C D E schem e, F ish e r th o u g h t a b o u t th e freq u en cies of th e v arious a lig n m e n ts o f th e genes of w hich th e re w ere 3 o rd ers in th e E n g lish p o p u latio n : CDe, cde and cD E 12% or over, th en cDe, cdE and C D E 3% or less, and finally C dE w ith a fre q u e n c y so low th a t it had n o t at th a t tim e b een fo u n d . F ish e r suggested th a t th e ra re r co m b in a tio n s m ig h t be m a in ta in e d by occasional cro ssin g over from th e c o m m o n hetero zy g o tes. T h e resu ltin g th e o ry th u s offered a satisfacto ry e x p la n a tio n of th e th en p u zzlin g absence of CdE. It also gave som e h in ts th a t the c o rrect o rd e r of the genes in the R h ch ro m o so m e was m ore likely to be D C E th a n CD E. revealed n o t o nly C w b u t also in co m p le te a n ti-c , th e th ird k n o w n exam ple of h u m a n a n ti-N , a 'n e w ' and fifth in d e p e n d e n t b lo o d g ro u p sy stem (the L u th e ra n sy stem ) and th e first a n tib o d y to a lo w -fre q u e n c y a n tig e n (these are k n o w n as 'p riv a te ' a n tig e n s b ecause o f th e ir rarity ). T h is was n a m e d a fter a b lo o d d o n o r, D r L evay. In c id e n ta lly , som e o f th is se ru m is still co n serv e d at th e B lood G ro u p U n it an d , 33 years later d u rin g R o b 's re tire m e n t, th e L evay a n tig e n (w hich had n e v e r again b een fo u n d o u tsid e th e L ev ay fam ily) w as fo u n d by th e U n it to be less u n c o m m o n in Ja p an and to be p a rt of th e K ell b lo o d g ro u p sy stem , a sy stem ju n io r in rec o g n itio n to th e L evay a n tig e n by one year.
A d e ta ile d d e sc rip tio n o f th e u n rav e llin g o f th e co m p lex C D E a n tig en s is c o n ta in ed in th e lec tu re R ob gave at D allas in 1946 A lso in C a m b rid g e , d u rin g 1943-44, R ob, stu d y in g th e p ro p e rtie s of m ix tu re s of R h a n tib o d ie s, m ade th e rev o lu tio n a ry discovery of the 'in c o m p le te ' a n tib o d y . T h is w as also fo u n d in d e p e n d e n tly in th e sam e year by A. S. W ie n e r in th e U .S .A . b u t he called it th e 'b lo c k in g ' a n tib o d y .
T h is finding of h id d e n or in co m p lete a n ti-R h had far-re a ch in g clinical a p p licatio n s. It solved th e puzzle of m o th e rs of c h ild ren w ith h .d .n . w ho a p p a re n tly had no a n ti-R h in th e ir se ru m (see below ). T h e d e m o n stra tio n of in co m p le te or blocking an tib o d ie s at th is stage was tricky, b u t Race show ed th a t in co m p lete a n ti-D could be d e te c te d in th e follow ing way: if R h positive cells w ere su sp en d e d in seru m co n ta in in g in co m p lete a n ti-D and th e m ix tu re was th en c e n trifu g e d and th e cells w ashed and re su sp e n d e d in saline, th e tre a te d cells w ere no longer a g g lu tin ated by ag g lu tin a tin g a n ti-D (th o u g h th ey still w ere by a n ti-c, a n ti-C and an ti-E ). T h u s the in co m p lete a n tib o d y had an in h ib ito ry effect on an a g g lu tin a t ing a n ti-R h an tib o d y and also acted directly on R h positive cells.
A differen t a p p ro ach to in v estig atin g the n a tu re and d etectin g of the p resence of the in co m p lete an tib o d y was op en ed by th e an tig lo b u lin test of C oom bs, M o u ra n t & Race. In 1945 R obin C oom bs, a y oung v eterin ary im m u n o lo g ist also w orking in the D e p a rtm e n t of P athology at C a m b rid g e, becam e in te rested and w ith R ob p u b lish e d fu rth e r o b serv atio n s on the 'in co m p lete a n tib o d y ' show ing it to be p ro te in in n a tu re th o u g h rem ark ab ly th erm o sta b le . A new test for the d etectio n of weak or in co m p lete R h ag g lu tin in s was devised. R obin C oom bs, d u rin g the w artim e blackout, alm ost m issed a L o n d o n to C am b rid g e train and had to sit in the g u a rd 's van w here th ere was no slit light for reading, so he was forced to th ink. H e visualized th a t the red cells, already coated w ith m olecules of in co m p le te a n tib o d y (w hich w as a g lo b u lin ) and w hich w ere still floating free, m ig h t be linked to g e th e r by m olecules of a n o th e r an tib o d y : an a n ti-g lo b u lin a n tib o d y . C o o m b s cam e to R ace w ith th e idea early th e nex t m o rn in g . R ob knew th a t M rs M u rie l A d air in th e P hysiology D e p a rtm e n t h ad sera fro m ra b b its im m u n iz e d w ith h u m a n g lo b u lin . H e used th is se ru m to te st cells sensitized w ith in co m p le te a n ti-D . A cco rd in g to R ob th e w hole th in g was solved by lu n ch , th o u g h C o o m b s a rg u ed th a t it took u n til tea -tim e .
T h e a n ti-g lo b u lin test soon p ro v ed to be of g reat clinical im p o rta n c e in its 'd ire c t' fo rm by d e m o n s tra tin g th a t co rd b loods of b ab ies w ith h .d .n . had b een sensitized i n u t e r o .
T h e test m ade an early c o n trib u tio n to know ledge w h en it d e m o n stra te d th e existence of th e K ell blo o d g ro u p system : it was fo u n d th a t the cells of one of th e babies in v estig a ted w ere n o t sen sitized to any fo rm of R h, and it was fo u n d by R ob on su b se q u e n t stu d y of the b a b y 's fam ily th a t the h .d .n . was d ue to the K ell an tig en , the b e g in n in g of the discovery of the sixth in d e p e n d e n t system of blo o d g ro u p s.
In Ju ly 1946 R ob re tu rn e d to L o n d o n , to the L iste r In s titu te at C helsea. F ish e r was, acco rd in g to his d a u g h te r, Jo an Box, very sad no t to keep th e serological u n it in C a m b rid g e after the w ar, b u t plans w ith the U n iv e rsity had to be ren e g o tia ted a fter the d e a th of D r T a y lo r in M a rc h 1945. A t th e sam e tim e, the M .R .C . had little in te re st in m ain ta in in g the U n it ju s t to h a n d it back to its p ro p e r w ork, b u t ra th e r w an ted to take over its p e rso n n e l piecem eal for vario u s p u rp o se s as soon as th e tra n sfu sio n w ork ceased. F ish e r im m ed iately w ro te to p ro p o se th a t a m edically qualified assistan t sh o u ld be a p p o in te d to enable Race to carry on the w ork w ith o u t a break; he su g g ested th a t R ockefeller F o u n d a tio n fu n d s alloted to th e serological u n it before the w ar m ig h t be used to pay the salary, th u s recognizing th e F o u n d a tio n 's c o n tin u in g in te rest in th e research u n it. T h e M .R .C . resp o n d e d favourably to the first p a rt of th e req u e st, and D r A. E. M o u ra n t, fro m th e blood tra n sfu sio n service at L u to n , was a p p o in te d m edical officer in the G a lto n L a b o ra to ry seru m un it.
W hile the tra n sfu sio n w ork was d raw in g to a close, F ish er was try in g to get the U n iv e rsity (of C am b rid g e) to offer Race th e p o sitio n of assistan t d ire c to r of research in his d e p a rtm e n t and M o u ra n t th a t of assistant in research. D esp ite th e ir c o m m itm e n t to F ish er, the U n iv e rsity was in h ib ite d by the fact th a t the M .R .C . was in a p o sitio n to sh u t off financial su p p o rt for the U n it in o rd er to force acceptance of th e ir ow n plans: the U n iv e rsity tem p o riz e d and n ever form ally m ade an offer to Race. M eanw hile, the M .R .C . stro n g ly p rese n ted its altern ativ e plans to Race and offered him m u ch m ore, b o th im m ed iately and in the long ru n , th an could be h o ped of the U n iv e rsity . In Ja n u ary 1946 Race accepted the post of d ire c to r of a new M .R .C . Blood G ro u p U n it at the L iste r In stitu te in C helsea. Six m o n th s later, M o u ra n t accepted a post at th e L iste r as d ire c to r of th e new M .R .C . B lood G ro u p R eference L a b o ra to ry (Box 1978) . D r (la ter S ir) A lan D ru ry w as th e D ire c to r o f th e L is te r In stitu te a n d R a lp h K ekw ick, a m e m b e r of th e In s titu te staff, d ire c te d th e M .R .C . B lood P ro d u c ts U n it: W a lte r M o rg a n was alread y in charge of the B io c h e m istry D e p a rtm e n t an d , w ith his th e n tec h n icia n W in ifre d W a tk in s, s ta rtin g on th e b io c h e m istry of th e A B O blood g ro u p antigens. So th e a tm o sp h e re was in d ee d ideal and th e re R ob w ork ed very hap p ily u n til he re tire d in 1973, befo re the clo su re of the In s titu te in 1975. Sylvia L aw ler, recen tly qualified in m ed icin e, and R u th w ere his first a ssista n ts at th e new u n it and in 1946 th e ir initial jo b was to consolidate the fre q u e n c ie s and p a tte rn o f in h e rita n c e o f th e R h a n tig e n and v arian ts and th o se of the n ew er blood g ro u p s, L u th e ra n and K ell.
By th e end of th e w ar R o b 's w ork on R h h ad been a p p re c ia te d ab ro ad and his new U n it was sen t p ro b le m s and visited by m an y w orkers from E u ro p e and elsew here. H is first trip to th e U n ite d S tates was in N o v e m b e r 1946 w here he was in v ited to a sm all m ee tin g in D allas o rg an iz ed by Joe H ill a n d Sol H a b e rm a n to speak a b o u t his w ork on R h. H e re he m et for the first tim e P h ilip L evine, B ruce C h o w n , L o u is K. D ia m o n d , Israel D a v id so h n , E rn e st W iteb sk y and o th ers, w ho w ere all in v ited speakers, and th ey rem a in e d good frie n d s for life, as will be seen by som e of th e rem in iscen ces re p o rte d h ere later. (In his p a p e r at D allas R ob d escrib ed in detail F is h e r's in te rp re ta tio n of th e C D E genes.) A fter th e m ee tin g th e sm all b a n d m oved on to M exico C ity (w ith G onzales G u z m a n , M ario S alazar M allen and E d w ard o U rib e G u ero la) and it was h ere th a t the fo rm a tio n of th e In te rn a tio n a l S ociety of H aem ato lo g y was suggested, its first official m eetin g b ein g in Buffalo in 1948. T h e M exico C ity m ee tin g is recalled in p a rt of B ruce C h o w n 's lette r to me: 'A. S. W ie n e r was no t at the D allas-M exico m eetin g s-P h ilip L evine th o u g h t he m ig h t be having one of his u n fo rtu n a te ly fre q u e n t b reakdow ns, or possibly he m ay have b een engaged in a q u a rre l w ith one or m ore of his e m in e n t co lleag u es.' R u th ca n n o t re m e m b e r exactly w hen R ob first m et W ien er, p e rh a p s in 1948 b u t p ro b ab ly earlier. R ob greatly ad m ired W ie n e r's w ork and got on well socially w ith h im and his wife, b u t R ob was, as w ere o th ers, co n stan tly b o m b a rd e d w ith vitriolic and abusive letters attacking him ab o u t th e n o m en c latu re and m eth o d of in h eritan ce of th e R h genes. W ien er had a pathological obsession th a t o th ers w ere taking over a blood g ro u p system in w hich he had a p ro p rie ta ry right. R ob soon learn t to file these letters im m ediately, only answ ering the very occasional polite one.
T h e m a tte r really a m o u n te d to a p ersecu tio n . Joan F ish er Box w rites:
'N e ith e r F ish er n o r Race was w illing to be draw n into acrim onious d ebate w ith W iener. Race and his colleagues at the L iste r In stitu te for years suffered the b ru n t of th e assault, in sarcastic verse, d iatrib e, pu b lic m isrep re sen ta tio n , and p riv ate invective. S uch th in g s m erit no scientific ack n o w led g m en t b u t th ey are p e rso n a lly try in g ; in a p p re c ia tio n of R ace's e n d u ra n c e u n d e r fire, F ish e r c o m m e n te d in th e fo rew o rd to R ace and S a n g e r's Blood groups in man (1950) th at: " O n m a tte rs once c o n tro v e rsial (and still so occasionally) th e sen io r a u th o r has exercised a c o m m e n d ab le re s tra in t. N o -o n e w o u ld ju d g e from th e tex t how o ften his p erso n al c o n trib u tio n s have been ig n o red , and w h en verified have been p u b lish e d w ith o u t ack n o w l e d g m e n t of his p rio rity . O u r p re s e n t u n d e rs ta n d in g of th e com plex R h situ a tio n ow es m u c h to th e good te m p e r w ith w h ich , in spite of irrita n ts , he steadily p u sh e d on w ith his ow n p ro b le m s " .' R ob d e stro y e d th e b u lg in g files o f W ie n e r c o rre sp o n d en c e w h en th e Blood G ro u p U n it m oved fro m th e L is te r to th e W olfson B u ild in g in th e U n iv e rsity of L o n d o n in 1975. In th e p o stw a r p e rio d blo o d g ro u p lab o rato ries w ere set up in blood tra n sfu sio n services and h o sp itals all over th e U .K . a n d elsew here and, w ith th e im p ro v e m e n t of tests (an tig lo b u lin , a lb u m in a n d enzym es) new and com plex an tib o d ie s w ere a c o n sta n t source of w o rry to p e rp le x ed lab o rato ries. R o b 's in te n se in te re st in these puzzles was co n tag io u s and a ttra c te d sam ples from far and w ide, w h ich kep t h im and his sm all staff very o ccu p ied . It was typical o f his unselfish a ttitu d e th a t, sh o u ld any p u b lic a tio n resu lt fro m a p a rtic u la r p ro b le m , he w o u ld insist th a t th e p e rso n w ho sent th e p ro b le m , i.e. realized th a t it was w o rth in v estig atin g , sh o u ld be th e sen io r a u th o r-unless th ey ex p ressed co m p lete e m b a rra ssm e n t at b ein g involved! O ne of R o b 's earliest p leasu res at th e L is te r In s titu te was the u n rav ellin g of th e p ro b le m o f th e a n ti-S an tib o d y sen t fro m S ydney in 1947. T h is was th o u g h t originally to b ear no relation to th e k n ow n blood g ro u p s, b u t was fo u n d to su b d iv id e th e M N g ro u p s. T h e se g ro u p s, now called M N S s, w ere show n to d e p e n d on a com plex locus for w hich R ob had set th e p a tte rn in R h. T h is in fact was th e m ain su b ject of R u th 's P h .D . thesis, m o st aptly n a m e d 'T h e m u ltip lic ity of th e h u m a n blood g ro u p s '. ( It is in cred ib le th a t in so sh o rt a tim e as a b o u t 5 years such sense sh o u ld have b een m ade of such a b e w ild e rin g c o n g lo m e ra tio n of reactions.) F am ily d ata w ere n eed ed for th e M N S in v estig atio n so th ro u g h R o b 's local G .P s and th e ir w ives in B arnes he was in tro d u c e d to n eig h b o u rs (m ostly academ ic and th ere fo re in te rested ) w ho h ad at least th ree ch ild ren . T h e se fam ilies w ere visited and rev isited m any tim es over the years, and used no t only for the M N S in v estig atio n b u t also to c o n solidate the m ode of in h erita n c e of the n ew er blood g ro u p an tig en s as they tu rn e d up.
In 1948, w ith P. L . M o lliso n and A. E. M o u ra n t, R ob had w ritte n a M edical R esearch C ouncil M e m o ra n d u m The Rh groups and their clinical effects. In this he had w ritte n up th e c u rre n t state of know ledge of th e R h g ro u p s. (T h e M e m o ra n d u m was revised a n d re p rin te d in 1949 and 1952.) W h e n in 1949 he w as a p p ro a c h e d by Blackw ell Scientific P u b lic a tio n s to w rite a book on b lo o d g ro u p s he d e c id e d th is w ould n o t be too difficult since R u th 's th esis h a d d ealt w ith m o st of th e n ew er groups! H e and R u th w ere co n v in ced th a t th e re w o u ld be little sale for Blood groups in man u n less it w ere occasionally b o u g h t in e rro r as a d etectiv e sto ry . T h u s was b o rn th e b lo o d g ro u p b ib le, w h ich ran in to six ed itio n s and w ith o u t w h ich no se lf-re sp e c tin g blood g ro u p e r or h a e m a to lo g ist in any p a rt of th e w o rld co u ld face his o r h e r e v e r-in c rea sin g and b e w ild e rin g w ork. F is h e r w ro te in his F o re w o rd to th e first (1950) e d itio n these very tru e w ords:
'It is fo rtu n a te th a t the a u th o rs can c o m m a n d a sim ple and lucid style, for m u c h th a t is to be e x p o u n d e d is really in tric a te . T h o s e w ho have follow ed th e w ork d u rin g its d e v e lo p m e n t w ill often be s u rp rise d at th e sim p lic ity w ith w hich an a d e q u ate a c co u n t can now be given. T h e y m ay also be a m u se d at th e " evasive a c tio n " o ccasio n ally tak en by th e a u th o rs w hen a n y th in g heavy in the w ay of m a th e m a tic s becom es im m in e n t.'
F ish e r, also in his F o re w o rd , stressed th e fact th a t th e a u th o rs w ere fully o c c u p ie d in research es in the field w hich th ey them selves had to a g reat e x te n t o p e n e d u p, and th a t g reat self-d iscip lin e m u st have been n eed ed to b rin g th em selv es to sacrifice the tim e to w rite the book. B ut w rite it th ey d id , to th e g reat benefit of science, an d th e sixth ed itio n (1975) has 659 pages w hereas th e first h ad 290. D u rin g 1948-49 , h aving realized th e m u ltip lic ity o f blood g ro u p p h e n o ty p e and g en o ty p e c o m b in a tio n s, R ob s ta rte d an im m u n iz a tio n p ro ject, h aving failed over the years to m ake u n u su al an tib o d ies by in jectin g h im self w ith various bloods. W ith the help of D r B rian K irm a n , w ho rem ark ab ly o b tain e d p e rm issio n fro m all the p a re n ts, nearly 500 m en tally re ta rd e d c h ild re n at th e F o u n ta in H o sp ita l, T o o tin g , w ere typed for all know n blood g ro u p an tig en s. A co m p licated p a tte rn of im m u n iz a tio n was set up avoiding th e p o ssib ility of m aking an tib o d ies of know n specificity. O nly one child m ade a n tib o d y , and by th en th a t an tib o d y had already been fo u n d in a p atien t. H ow ever, so m u ch w ork was co m in g into the U n it th a t th e p ro ject had to be ab an d o n ed .
A n inv estig atio n in 1950 th a t gave R ob p a rtic u la r pleasure was the finding of a p ro b ab le deletio n in a h u m an R h chrom osom e. (A deletion seem ed the m ost likely genetical ex p lan atio n , b u t it was later th o u g h t th a t the m a tte r was very unlikely to be as sim ple as this, a possible back g ro u n d b eing u n e q u a l crossing over). T h e puzzle began w ith a m o th e r of a child w ith h .d .n . w hose seru m ag g lu tin ated all of 1400 blood sam ples. H e r red cells w ere, at th a t tim e, u n iq u e in th e ir R h antigens, lacking any of the Cc C w Ee series w hile h aving ab n o rm ally stro n g D antigens. T h e p a re n ts of this -D -/-D -m o th e r w ere consanguineous. T h e gene could be traced to a S c o ttish b a ro n e t b o m at th e e n d of th e e ig h te e n th c e n tu ry , w ho, by tw o m arria g e s, sent it on its w ay d o w n tw o lines to th e p ro p o situ s. T h e absence of C a n d E an sw ered in a m o st co n v in cin g w ay th e th e n very c o n tro v ersial q u e stio n of th e sep ara b ility of th e R h genes: it also s u p p o rte d F is h e r 's th e o ry th a t the o rd e r o f genes in th e R h co m p lex is : th is o rd e r re q u ire s only one a ccid en t to p ro d u c e th e u n u su a l -D -ch ro m o so m e , w hereas if th e o rd e r w ere C D E tw o accid en ts w o u ld be n eed ed .
F ro m 1950 o n w ard s, th ere b e in g so m an y blo o d g ro u p an tig en s and a n tib o d ie s, and th ere fo re so m u ch to be done on th e sam ples p o u rin g into th e U n it, all in v estig atio n s w ere essentially team w ork. T h e U n it m et early each m o rn in g to discuss w h at had h a p p e n e d th e day b efore, w h at th e p o st h ad b ro u g h t in, a n y th in g relev an t th a t h ad b een read or h e a rd at a m ee tin g , and w h at to do n ext. R ob d e lig h te d his sm all staff w ith his p e rcip ien ce, w it, e n th u sia sm and gu id an ce. H e g reatly enjoyed the analysis of th e resu lts an d c o n so lid a tin g th e d is trib u tio n and in h erita n c e of new an tig en s as th ey tu rn e d u p, show ing w h e th e r th ey re p re se n te d new system s or w ere new v a ria n ts su b d iv id in g th e old ones. H e also k ep t a w ary eye on th e g en etic im p lic a tio n s of th e serological resu lts. H e was a tru e d isciple of F ish e r fro m w h o m he had lea rn t 'th e essential role played by statistics in u n rav e llin g th e d e p e n d en c e or in d e p e n d e n c e of one an tig en fro m a n o th e r and fro m the first his p a p e rs w ere c h a ra c te rise d by th e use of tests of p ro b a b ility '.
E arly on in his te rm in a l illness R u th asked him w hich o f his p u b lic a tions d u rin g th is very p ro d u ctiv e p e rio d pleased h im m ost. H e chose p a p e rs d e scrib in g th e follow ing subjects:
(a) T h e finding of th e -D -, m e n tio n e d above.
( b)The in h erita n c e and d istrib u tio n of th e th e n new D uffy and K id d g ro u p s. T h e original a n tib o d ie s defining these system s, a n ti-F y a and a n ti-Jk a, w ere fo u n d in th e lab o rato ries of P ro fesso r P. T h e an tith etical an tib o d ies a n ti-F y b and a n ti-J k b recognizing th e " allelic' an tig en s w ere fo u n d by 1953 . A nalysis of th e d istrib u tio n and especially the fam ily m aterial by R ob and his staff show ed th a t these g ro u p s w ere n o t only clinically im p o rta n t b u t w ere genetically in d e p e n d e n t and an excellent tool in h u m a n genetics, b ein g m ore efficient in d istin g u ish in g b etw een in d iv id u als th a n all o th e r b lood g ro u p s except M N S and R h and alm ost as efficient as A 1A 2BO .
(c) T h e finding of B om bay bloods lacking A B H antigens. C ritics often say th a t g eneticists can alw ays get o u t of a difficult situ a tio n by invoking a m odifier. T h e accusation m ay have a g erm of tru th , b u t R ob and m any colleagues discovered a c a st-iro n exam ple in m an w hich, in a d d itio n to its in trin sic in te rest, m ig h t explain a m ech an ism w h ereb y 'th ro w b a c k s' (generally believed in by scientists earlier th is c e n tu ry ) can be accounted for. T h e research took several years, how ever, and th e sequence of events was as follow s. In 1952 th e U n it was sent th re e u n rela te d bloods from B o m b ay th a t seem ed to have no genes at all at th e A B O locus. T h u s th ere w ere no A, B o r H a n tig e n s on th e red cells or in th e saliva, a n d follow ing th e gen eral ru le w ith th e A B O sy stem th a t w h e n an a n tig e n is a b se n t th e c o rre s p o n d in g a n tib o d y is p re s e n t in th e se ru m , th ese p eo p le h ad n o t only a n ti-A a n d a n ti-B b u t also a n ti-H (H b e in g a basic su b sta n c e possessed by O p eople). B ecause no fam ilies of th e th re e p ro p o siti w ere available, the g en etic b a c k g ro u n d co u ld only be g u essed at: th e re w ere th e possib ilities of a 'n e w ' allele at th e A B O locus, or th a t th e so lu tio n lay in so m e th in g to do w ith th e basic H su b sta n c e , w h ic h M o rg a n an d W a tk in s h ad already a d u m b ra te d . T h e U n it h ad to w ait th re e years for th e an sw er, w h ich was ( d) T w o p ap ers on linkage relations of the blood g ro u p loci, p a rtic u larly th e con firm atio n of M o h r 's L u th e ra n -secreto r linkage-the first autosom al linkage in m an. By 1958 S anger and Race w ere able to p u b lish d ata stro n g ly s u p p o rtin g th is linkage, and also sh ow ing th a t it was th e se cre to r genes (n o t the L ew is genes as p rev io u sly th o u g h t) th a t w ere linked to th e L u th e ra n genes. T h e ap p e ara n ce of linkage w ith th e L ew is genes is due to th e ir p h e n o ty p ic ap p e ara n ce on red cells b ein g co n tro lle d by th e se cre to r statu s. F am ilies capable of d isclosing th e L u th e r a nsecreto r linkage are d istin g u ish e d by th e ir rarity: one is fu rth e r d is tin g u ish e d genetically, th e fa th e r b e in g (th en ) P ro fe sso r of B otany at O xford. T h e se L u th e ra n -s e c re to r fam ilies h e lp e d P. J. L . C ook to p ro v id e the first exam ple in m an o f a h ig h er rec o m b in a tio n rate in the fem ale th a n in the m ale. an an tig en V, com m on in blacks b u t rare in w hites and also co n sid e red to be a 'c o m p o u n d ' an tig en , ces. T h is was fo u n d in a rec ip ie n t of m any tra n sfu sio n s. So far no exam ple of a n ti-V has b een blam ed for h .d .n .
( / ) T h e finding of th re e 'm in u s -m in u s ' or n ull p h en o ty p es: the first tw o are alm ost confined to blacks, one of the rare S -s -of the M N S s system , the o th e r the very co m m o n F y(a-b -) of th e D uffy system ; the th ird L u ( a -b -) of the L u th e ra n system , and again rare, is m ostly confined to w h ite people.
(i) T h e first was discovered in 1954 via a black m o th e r, th e m aker of the second exam ple of a n ti-U th a t was know n to ag g lu tin ate red cells of all w hite people teste d w hile failing to ag g lu tin ate th o se of a b o u t 1 % of N ew Y ork blacks. T h e tw o available sam ples of blood n o t ag g lu tin a te d by a n ti-U w ere n o t a g g lu tin a te d by a n ti-S or a n ti-s and all su b se q u e n t Unegative sam ples tested w ere S-s-. P reviously all bloods tested w ith a n ti-S or a n ti-s had been ag g lu tin ated by one or b o th antisera. T h e m ost likely ex p lan atio n of the p h e n o ty p e was th o u g h t to be hom ozygosity for a silent allele o f N and 5 called S u, or, th e sam e th in g from the p o in t of view of fam ily analysis, a 'b u ilt-in ' in h ib ito r gene su p p re ssin g th e action of th e genes. (ii) T h e second, F y (a -b -) in the D uffy system , was the su rp risin g finding, in 1955 w hen bloods w ere being tested for a n o th e r p u rp o se , th a t the m ajo rity (68% ) of N ew Y ork blacks failed to react w ith b o th a n ti-F y a and the recently discovered a n ti-F y b. F y(a-b -) bloods had never heen fo u n d in w hite people and su b seq u e n tly have been fo u n d to be extrem ely rare, w hereas the freq u en cy in A frican blacks approaches 100% in som e areas. T h e p h e n o ty p e was in te rp re te d to rep re sen t h o m o zy g o sity for an allele of F ya a n d F yb, called Fy. F u r th e r an tib o d ie s have since b een fo u n d in th e U n it and elsew here sh ow ing th e D uffy sy stem to be even m o re com plex b u t no n e has p ro v ed th a t th e silent p ro d u c e s any a n tig e n . th is w as th e first blo o d g ro u p giving evidence of n a tu ra l selection and p re su m a b ly a c co u n tin g fo r th e very h ig h fre q u e n c y of F y ( a -b -) in areas w h ere m alaria was once e n d em ic.
(iii) T h e th ir d 'm in u s -m in u s ' p h e n o ty p e was p u b lish e d in 1961 w hen D r M . N . C ra w fo rd in P h ila d e lp h ia fo u n d h e r ow n cells to lack all L u th e ra n an tig en . A p p a re n tly in e rt p h e n o ty p e s in o th e r b lood g ro u p sy stem s had alw ays b e h a v ed as recessive c h a ra c te rs, b u t su rp risin g ly the L u (a -b -) p h e n o ty p e in th e C ra w fo rd k in d re d was clearly a d o m in a n t c h a ra c te r. A d o m in a n t gene capable of su p p re ssin g the p ro d u c tio n of L u th e ra n an tig en s, later called In (L u) , was p ro p o se d . A su b se q u e n t fam ily in v estig ated in th e U n it show ed In(L u) to segregate in d ep e n d e n tly of th e L u th e ra n locus. In (L u) was also fo u n d capable of su p p re ssin g , to a lesser degree, a few o th e r u n re la te d blood g ro u p
antigens. T h e L u ( a -b -) p h e n o ty p e can on occasion o ccu r as a recessive c o n d itio n (hom ozygosity for th e silent gene Lu) b u t th is is less co m m o n th an L u ( a -b -) caused by
In(L u), w h ich has recently b een show n to have a fre q u e n c y in so u th E n g la n d of ap p ro x im ate ly 1 in 3000. F o r m ore th an 20 years In(Lu) rem a in e d th e only know n exam ple of a d o m in a n t in h ib ito r of blood g ro u p an tig en s.
(g) T h e realizatio n th a t a c ertain kind of B an tig en can be acq u ired ra th e r th a n in h erite d . A weak B antigen in seven sam ples of otherw ise g ro u p A ! blood pro v ed to be an ac q u ired antigen. T h e p ro o f o f this d e p e n d ed m ainly on the follow ing o b serv atio n s. All seven p a tie n ts w ere A t and fo u r of th e m h ad g ro u p O ch ild ren ; th u s th e ir genotype m u st be A jO w ith no room for a w eak B allele. T h e ir seru m c o n tain ed anti-B .
T h o se w ho w ere secreto rs secreted A and H b u t no t B. T h e c h aracter could be tra n sie n t, and it was clearly associated e ith e r w ith age or disease or b o th . T h e absence of g ro u p O from the seven was highly significant. O th e r a u th o rs inv estig atin g an eig h th p a tie n t con clu d ed th a t the B-like an tig en was p ro b ab ly ac q u ired th ro u g h the action of a bacterial enzym e because they had been able to in d u ce a sim ilar change vitro by tre a tin g A j cells w ith a b acterial filtrate. By 1975 th ere w ere 42 cases know n for certain , 39 being A 1; tw o A 2 and the o th er an 'in h ib ite d A '. T h e shortage of A 2 is significant and the absence of O very highly significant. T h e average age of the p a tie n ts was over 60: m ost of th em had a carcinom a of the colon or rec tu m , a few had a carcinom a elsew here (cervix, p ro state and p e rito n eu m ) and the rest had infection of the in testin e or gangrene of the legs. T w in chim eras, and d isp erm y , will be discussed below . T h e ra p e u tic ch im eras, because of m arro w g raftin g , w ould n o t confuse the A B O g ro u p s because rec ip ie n t and d o n o r w ould p re su m a b ly be o f th e sam e g ro u p .
(h) A new an tig en and an tib o d y e x te n d in g the P blo o d g ro u p system .
In v estig a tio n s of th e rare an tig en P k, fo u n d m o re often in F in n ish fam ilies th an elsew here, to g e th e r w ith the U n it's earlier w ork on P, was a g reat help to b io ch e m ists m an y years later. T h o u g h p and p k are ex trem ely rare th e reco g n itio n of th e ir existence b ro u g h t ab o u t a rev o lu tio n in the P g ro u p s w hich, fro m b ein g the least, now em erge as one of th e m o st in te re stin g of the system s.
Later interests (a) Twin chimeras.
In 1952 R ob was p re se n t at a su b c o m m itte e of th e A g ricu ltu ra l R esearch C ouncil (as it th en was) and at it th e su b ject of fre e m a rtin s in cattle was discussed. It had been d e m o n stra te d by O w en in 1945 th a t th e cause was an anastom osis b etw een th e ch o rio n ic vessels of dizygotic tw ins th ro u g h w hich they tra n sfu se each o th e r (1983) .
b o th w ith b lood and p resu m a b ly h o rm o n e s as well. P rim o rd ia l cells b elo n g in g to one tw in are n o t rejected b u t take root in th e o th e r tw in and c o n tin u e th ro u g h o u t the life of the host to p ro d u ce red cells w ith som e genetically foreign antigens. Race & S anger give the details of w hat h a p p e n e d nex t in Vox Sanguinis
R ob rem e m e b e re d th e A .R .C . m eetin g w hen, w ith in a year, a sam ple of blood was sent to th e m by D r Iv o r D u n sfo rd (of th e Sheffield Blood T ra n sfu sio n C en tre) w h ich p ro v ed to be a m ix tu re of O, K -, Jk(a + ) and A 1; K + , Jk(a -). H e suggested e n q u irin g w h e th e r the w om an, M rs M c K , a health y blood d o n o r aged 25, was a tw in. W h en D r C. C. Bow ley next visited h e r he asked no n ch alan tly : 'By the w ay, w h at h a p p e n ed to your tw in ?'. H e r reply, w hich asto n ish ed all involved, was th a t she had indeed had a tw in b ro th e r w ho had died aged th re e m o n th s of p n e u m o n ia and M rs M c K was th e first exam ple of th e fre e m a rtin p h e n o m e n o n in m an.
T h e U n it was very in trig u e d by b ein g able, th ro u g h the sis te r's blood, to d e te rm in e the m o d e rn blood g ro u p s of th e b ro th e r w ho had died 25 years before. A fre e m a rtin cow w ho has a b ro th e r tw in is sterile, b u t M rs M c K has th re e c h ild ren and o th e r su b se q u e n t h u m a n chim eras have been fertile.
N o fu rth e r h u m an exam ples w ere identified for fo u r years, th en a second and th ird ap p eared sim u ltan eo u sly , this tim e w ith the advantage th at b o th tw ins of each p air w ere alive. O ne of these pairs was ascertained at the N o rth L o n d o n Blood T ra n sfu sio n C e n tre and in vestigated by R ob and his U n it: the girl had 1% A red cells and 99% of h er ow n genetic group O cells (she secreted H b u t n o t A) w hile the boy tw in had 86% of his tru e g e n e tic A cells an d 14% of his s is te r's O cells (he secreted A). In each tw in th e O cells differed in th e ir R h, D uffy, K id d and D o m b ro c k g ro u p s fro m th e A cells. T h e s e 21 year old tw in s have c o n tin u e d to c o o p e ra te w ith th e U n it and o th e r lab o ra to rie s for nearly 30 years-as d id th e ir p a re n ts a n d sibs an d , later, th e ir c h ild re n . T h e tw in s trav elled to th e la b o ra to ry o f P ro fe sso r M . F. A. (now S ir M ich ael) W o o d ru ff (F . R .S . 1968 ) in E d in b u rg h for recip ro cal skin grafts, w h ich 'to o k ' ( (1959) ii, 476), giving in fo rm a tio n a b o u t im m u n o lo g ical to lerance. O v er the years th e c h a n g in g p ro p o rtio n of O and A cells in th e ir c irc u la tio n s has b een m e a su re d by P ro fe sso r P. L. M o lliso n (F . R .S . 1968 ) and his staff. T h e ir b lo o d s have b een in fo rm a tiv e to b io ch e m ists for th e ir tran sferases, to H L A g ro u p e rs and to cy to g en eticists. M o re o v e r, th e ir exceptional X g g ro u p s p ro v id e d a puzzle n o t yet fully u n d e rsto o d .
R o b 's in te re st in ch im e ra s and th e ir c o n trib u tio n to know ledge was e n h a n ce d after th e finding of d isp e rm ic c h im eras (the first was fo u n d in S eattle in 1962)-th e resu lt of fertiliz a tio n of tw o m ate rn a l nuclei by tw o sp erm s, th e fusion of the tw o zygotes and th e ir g ro w th into one body: a se lf-c o n tain e d tw in.
A lm o st all tw in chim eras are asce rta in ed th ro u g h m ix tu re s of blood g ro u p s. D isp e rm ic ch im eras, if th ey are X X /X Y m osaics, are usually d e te c te d at cy to g en etic testin g for reasons of sex a b n o rm a lity , w hereas d isp e rm ic ch im eras w hose cells are all fem ale X X or all m ale X Y are usually fo u n d at blo o d g ro u p in g , h aving tw o sets of blood g ro u p s. By 1975 R ace and his U n it knew of 19 pairs of tw in chim eras and 20 d isp e rm ic ch im eras, m ost having been tested in th e U n it. B oth ty p es have p ro v id e d genetic and im m u n o lo g ical in fo rm a tio n of in terest. F o r exam ple, they show ed th a t secretion of blood g ro u p su b stan ces is co n tro lle d by in tra ce llu la r in te rac tio n of genetically in d e p e n d e n t loci; th ey also p ro v id e d necessary evidence-X g(a + ) and X g(a -) cells co existing in one c irc u la tio n -in p ro v in g th a t th e X g locus, unlike alm ost all o th e r X -b o rn e loci, is n o t su b ject to inactivation.
(b) The
X g blood groups.
In th e su m m e r of 1961 th e U n it received a sam ple of blood from a M r A nd, a m u ch tra n sfu se d p a tie n t suffering from telangiectasia at G ra n d R apids. T h e sam ple was sent by D r Jo sep h M a n n to D r A m os C ahan in N ew Y ork, w ho fo rw ard ed it to the L ister. Race and S anger w ere busy finishing the fo u rth e d itio n of Blood groups in , so th e ir assistants tested the seru m , w hich clearly had a new an tib o d y , against ran d o m people and fam ilies as they cam e in. E v entually w hen the book was finished, R ob and R u th said 'O n S a tu rd a y we shall look at the results of the w ork on M r A n d '. O n S a tu rd a y the first strik in g resu lt was th a t the fam ilies did not exclude association of the antigen w ith sex, w hich was su rp risin g , for w hen testin g a new antigen a few fam ilies w ere usually enough to do this. W hen R u th cam e back fro m sh o p p in g she im m ed iately asked w h at w as the an tig en fre q u e n c y in th e tw o sexes, and th is p re c ip ita te d fra n tic c o u n tin g of th e ra n d o m series w hose sex co uld be re m e m b e re d . I he c o u n t show ed th a t th e a n tig e n was m o re fre q u e n t in th e fem ales th a n in th e m ales. 1 his stro n g ly su g g ested th a t a d o m in a n t X -lin k e d c h a ra c te r w as o p e ra tin g and the se g reg atio n of th e a n tig e n in th e fam ilies w as th e n seen to be c o n siste n t w ith th e rules of X -lin k e d d o m in an ce. A n excited le tte r was sent to D r C a h a n at lu n ch tim e.
G ra d u a lly th e sexes of m o re d o n o rs w ere reco llected and m o re fam ilies teste d and by T u e sd a y sex linkage w as co n firm ed . T h e y called th e new system X g, X for th e sex c h ro m o so m e and g for G ra n d R ap id s. I wo years later, a second exam ple of a n ti-X g a w as fo u n d by D r Ian T ook of In v ern e ss, and o th e rs follow ed.
X g was th e first blo o d g ro u p locus to find its place on a p a rtic u la r ch ro m o so m e. H ere was a m ark e r gene of really u seful fre q u e n c y (66% X g a and 34% X g), th e only o th e r X -lin k e d m ark e rs at th a t tim e b eing co lo u r b lin d n e ss (ab o u t 6% of X s carry th e c o lo u r b lin d n e ss gene) and G 6 P D w h ere th e deficiency gene is v irtu a lly u n k n o w n in n o rth e rn E u ro p e an s.
S am ples fro m fam ilies seg reg atin g for X -lin k e d tra its (h aem o p h ilia, c o lo u r b lin d n e ss, G 6 P D , D u c h e n n e and B ecker m u sc u la r d y stro p h y , ich th y o sis, various eye diseases a n d m any o th e r co n d itio n s) w ere sent fro m h om e and a b ro ad for testin g w ith a n ti-X g a. A lth o u g h m easu rab le linkage of these genes fro m X g at first seem ed d isa p p o in tin g (co n sid erin g th e n u m b e r of c o n d itio n s tested ) it becam e clear th a t X g was n ear the tip of th e sh o rt arm of th e X , and th e fo u n d atio n for th e m ap of th a t p a rt of th e X w as laid dow n.
T h e X g g ro u p s cam e at a fo rtu n a te tim e w h en cytogenetics h ad ju s t blo sso m ed , and R ob realized th a t they m ig h t m ake significant c o n trib u tio n s to X -c h ro m o so m e a n eu p lo id y , w h ich th ey did. By 1969 R ob was able to re p o rt at a Royal S ociety m ee tin g the X g g ro u p s of 329 X X Y K lin efe lte r m ales and 430 T u r n e r fem ales, w h ich w hen analysed show ed, in general term s, th a t th e accid en t th a t resu lts in X X Y K lin efe lte r m ales h a p p e n s m ore co m m o n ly at oogenesis and th a t causing X 0 4 u rn e r fem ales m ore co m m o n ly at sperm ato g en esis.
T h e X g g ro u p s w ere discovered w ith in a few m o n th s of M a ry L y o n s th eo ry of X in activ atio n . F ro m th e b eg in n in g it ap p e are d th a t X g was the only X -b o rn e locus no t su b ject to X in activ atio n . A lth o u g h the U n it th o u g h t th e ir evidence was very so u n d th ere w ere a few g eneticists w ho, for co m p licated reasons, th o u g h t th ey w ould be p ro v ed w rong. So R ob was pleased w h en several lab o rato ries show ed th a t a n o th e r X -b o rn e locus, S T S , also escapes in activation.
is th e locus for stero id su lp h atase, lack of w hich enzym e causes ichthyosis, a disease gene th at the U n it had pro v ed to be close to X gs how ing the sh o rt arm of th e X does in d eed escape inactivation. 'M y first m e e tin g w ith R ob R ace w as, I th in k , on B a ro n 's C o u rt tu b e sta tio n , ju s t afte r he h ad com e to B a rt's as a stu d e n t. I was sta n d in g at th e e n d o f th e p la tfo rm , gazing in to space, w h en a stra n g e r, a y o u n g m an w ith b rig h t red h a ir and a m o st engaging e x p re ssio n , cam e u p to m e. " 'R o b 's w ay w ith his w o u ld -b e teach ers is show n by th is little in cid en t: it was a in a class k n o w n as 'S urgical o u tp a tie n ts ' in w hich 40 or 50 stu d e n ts sat ro u n d w hile cases w ere d e m o n stra te d by a c o n su lta n t. E ager s tu d e n ts sat in the fro n t row s, soliciting q u estio n s. R ob and I, of course, sat at the very back, w here a chap could doze or read th e p a p e r in peace. B ut it w a sn 't en tirely safe-som etim es a q u e stio n w o u ld com e specifically o u r way. O n this occasion, we had ju s t b een show n a m an w ith an u lcer on his face. T h e su rg eo n discu ssed the differential diagnoses w ith the fro n t-ro w p u n d its and th e n su d d e n ly p o in te d a finger. " R ace!" he sn ap p ed . R ob w oke w ith an au d ib le sn o rt. " N ow tell us, R ace, w hich is th e m o re m alig n an t, a ro d e n t u lcer o r an e p ith e lio m a ? " . F o r a b o u t h alf a m in u te R ob gave the m a tte r deep th o u g h t, fro w n in g and m u tte rin g to him self. T h e n his face cleared, and he looked up w ith a b eam in g sm ile. " Y es!" he s a id .' P ro fesso r J. H . B en n ett has m u ch co rre sp o n d en c e betw een R. A. F ish er, G . L . T a y lo r and R ob from the early days: 27 A u g u st 1937 F ish e r to T a y lo r.
'I saw Race the o th e r day, and find th a t he can give a m o n th 's notice, so th a t, if you ap p ro v ed of him at the end of S e p tem b e r he could sta rt w ork w ith you at the end of O cto b er. H e is very m o d est in m an n e r, b u t I could no t get evidence th a t he w ould m ake an original research w orker on his ow n, th o u g h he m ig h t be well fitted to act u n d e r y o u r d ire c tio n and in sp ira tio n as assistan t. O f course he m ay also have q u alities n o t yet d e v e lo p e d .'
19 Ja n u a ry 1946 F ish e r to Race.
'I did n o t m en tio n last n ig h t, as I had m e a n t to, th e p ro p o sal w hich h ad crossed m y m in d th a t you sh o u ld w rite a full len g th a c co u n t of rh esu s for the Royal Society P ro ceed in g s. I sh o u ld like y o u r nam e to be k now n to fellow s of th e society and I do n o t see w hy to lerab ly soon th e a d m irab le m aterial p ro v id e d by y o u r w ork sh o u ld n o t be u sed in one of the annual lectu res for w h ich th e society is resp o n sib le.
'T h e re w o u ld be, I believe, no occasion to su p p re ss th e clinical aspects of th e situ a tio n , th o u g h p ro b a b ly the society w o u ld look askance at a p a p e r of p u rely m edical in te rest. T h e genetic findings, how ever, have b een so im p o rta n t th a t th e re is really no d a n g e r of th a t.'
24 D e c e m b e r 1946 E x tra c t fro m F ish e r to R ace.
'I have received a copy of the lette r fro m B oyd to you, and as I am n o t m u ch te m p te d by m etap h y sics, I shall no t very readily w an t to discu ss p leio tro p ism , so long as th in g s han g to g e th e r in in h erita n c e it is a m a tte r of indifference w h e th e r th ey are conceived as closely linked ad jacen t genes, or as trip a rtite b u t single genes. As a H eb rew , W ie n e r finds, p e rh a p s, trin ity and u n ity less co m p a tib le th an th ey really are, and w ould enjoy th e acrim o n y of a m o n o p h y site c o n tro v ersy . T h e only p a rt w h ich in te rests m e is, w h e th e r, on an a d eq u ate n u m b e r of o b serv atio n s, rec o m b in a tio n s are or are not fou n d to occur.
'I do no t su p p o se it could be done yet, b u t taking m atin g s of the type R,rxrr in w h ich every crossover is m an ifest as R' or R 0, only accepting crossovers from fam ilies w ith at least one rr child, or m atin g s RjR2 x rr, accep tin g R 0 as a crossover, or R zr for th a t m atte r, p ro v id e d R jr or R 2r occur, or, th ird ly , the m atin g R 2r x rr, accepting R 0 or R" as crossovers on the sam e term s, one has a b o u t 16% of all h u m a n m arriages and a reco rd of one th o u sa n d ch ild ren fully ty p ed , sh o u ld give negative or positive evidence on the crossover q u estio n . D id D ia m o n d m en tio n to you th a t he th o u g h t he had tw o crossovers in his records? T h is is w h at he to ld m e, b u t he m ay have been over o p tim istic and, p e rh a p s, w an tin g to catch W ien er o u t.' 'T h a n k y o u for le ttin g m e know a b o u t y o u r c o m in g book. Y es, y o u r M r G ra n t m u st be th e son of m in e, w ho is O liv er and B oyd in ca rn ate . I su p p o se B lackw ell's is n o t an alias for th e sam e firm . It w ill be a jo b to m ake a p ro p e rly b alan ced book, for, th o u g h I am sure yo u are rig h t in tak in g blo o d g ro u p w o rk ers as y o u r cen tral core of rea d e rs, yet th o se w ho w a n t to know a b o u t th e su b je c t by reason of in te re st in g en etics, e th n o g ra p h y or forensic m ed icin e are surely m u c h g re a te r th a n th e serologists. So you o u g h t b o th to have a good a ttra c tiv e b lu rb for th e m , and as an h o n e st m an to try to ju stify it in s id e .'
M ay 1950 R ace to F ish e r on finishing his book Blood groups in man.
'H e re it is and very n e rv o u s are we of y o u r o p in io n of i t .' [F o r th is see page 467.] 29 M a rc h 1952 F is h e r to R o b 's fath er. ' M y d e a r M r Race, 'It really is in o rd in a te ly k ind o f you to w rite as you do on the p a rt I have played in R o b 's scientific career. It is axiom atic, how ever, th a t no one can get anyone else an F .R .S ., for if th a t w ere tru e it w ould n o t be th e h igh h o n o u r th a t it actually is. R ob has certain ly d eserv ed it up to the h ilt. It has been indeed, an e n o rm o u s p leasu re to m e d u rin g now m ore th a n fifteen years to see h im go fo rw ard from th e sm all p o sitio n at w hich he w as a p p o in te d in the G a lto n L a b o ra to ry to crack open the p ro b le m s w hich seem ed to us th e n nearly inaccessible and to gain for h im self gen u in ely w orld w ide re co g n itio n . W ith K e n n e th M a th e r, w ho was also at the G alto n L a b o ra to ry , and F ra n k Y ates at R o th a m sted , I am p ro u d to have h elp ed a few first-class m en to th e reco g n itio n they d e serv e .' D r B ruce C how n of C anada recalls som e early in te rn atio n a l c o n ferences at D allas and M exico C ity in 1946. ' In the first R ob spoke a b o u t the R h genotypes and F is h e r's th eo ry and in the second on " the d e m o n stra tio n of the in h eritan ce of R h and o th e r 'n e w ' blood g ro u p s ''. In M exico C ity he was a gay, red -h e a d ed yo u n g m an w ho n ever w an ted to go to bed b u t p refe rre d to dance all n ig h t. O u r M exican hosts had p rep a re d the m o st varied p ro g ram m e for us in clu d in g a visit to a bull fight and th en to a sham one in w hich th e bulls w ere calves and the fighters som e of our h o sts-Rob absolutely refused to go to e ith e r kind of e n co u n ter.
'In N ew Y ork I re m e m b e r R ob saying to m e th a t he th o u g h t W ie n e r h ad th e b e st m in d of all th o se th a t he h a d m et in th e U S . W ie n e r had b een in v ited to th e m ee tin g in M exico C ity and w as on th e p ro g ra m to speak on " T r e a tm e n t o f e ry th ro b la sto sis 'p o r tra n s fu sion de c o m p le to in te rc a m b io " ' b u t d id n 't a tte n d th e m ee tin g . I su p p o se he had had one o f his all too fre q u e n t b rea k d o w n s, b u t th a t R ob h ad looked h im up in N ew Y ork on his w ay hom e. T h a t was th e w ay R ob was; he saw th e best! W h e n W ie n e r w ro te one o f his u n b e lie v ab le lette rs to R ob, d a m n in g th e F is h e r-R a c e h y p o th esis an d vilifying F ish e r, w ho w as w e ll-n ig h an idol to R ob, R ob In 1973 P hil was elected a F ellow of th e R oyal C ollege of P h y sician s w h en I (C. A. C .) was P re sid e n t a n d R ob p u t h im w ise to som e o f the a n cien t ten e ts of the C ollege. T h e first item on the C h a rte r w h ich H e n ry VIII g ra n te d in 1518, is 'w hereas w e c o n sid e r it th e d u ty of o u r Royal office by all m eans to co n su lt th e h a p p in e ss of the people u n d e r o u r rule, we have th o u g h t it to be chiefly and before all th in g s necessary to w ith sta n d in good tim e th e a tte m p ts of th e w icked, and to c u rb th e au d acity o f those w icked m en w ho shall pro fess m ed icin e m o re for th e sake of th e ir avarice th a n fro m th e assu ran ce of any good conscience, w h ereb y very m an y in co n v en ien ces m ay ensue to th e ru d e and c re d u lo u s p o p u la c e '. R ob c o m m e n ts to P h il 'P e rh ap s you d o n 't have any such au d acio u s m en in th e S ta te s ' and co n clu d es 'I th in k th e C h a rte r goes on to say th a t you can n o t p ractice m ed icin e m o re th a n 7 m iles fro m L o n d o n , b u t th ey seem ra th e r to have w aived th is in y o u r special case, as a glance at th e m ap will sh o w .' P h il th an k e d h im for th e in fo rm a tio n an d asked if w ives w ere allow ed to see th e adm ission. 'N o !' said R ob, 'H ild a is b a rre d from y o u r very sim ple shaking h a n d s w ith th e P re sid e n t and agreeing to som e oath or o th er. O nly F ellow s w ill be p rese n t. I su p p o se H e n ry VIII th o u g h t th ere w ere en o u g h w om en a ro u n d as it w a s. ' 'T h e C ollege is a fine place, on th e edge of R e g e n t's P ark. 'O f co u rse I have m an y p e rso n a l rem in iscen ces of R ob Race, b u t th ey p ro b a b ly echo w h at ev ery o n e else has said a b o u t h im . H e was su ch a k in d ly , c o n sid e ra te , g e n tle g en iu s w ith a q u ick keen m in d an d a fine sense of h u m o u r. It w as alw ays a p lea su re to be w ith him . In his q u ie t w ay, he co u ld get his ideas across co n v in cin g ly and pro v e he w as rig h t. I recall a visit we m ad e to C a m b rid g e in 1947 to see the g rea t R. A. F ish e r. In a d iscu ssio n of th e in h e rita n c e of R h alleles, P ro f. F is h e r p ro p o se d som e m ath e m a tic a l fo rm u la w hich was far b e y o n d m e. R ob su g g ested a c o rre c tio n w h ich R. A. F. did n o t accept at once. A t 1.00 am , R ob w oke m e to say he still differed w ith the P ro fe sso r b u t w o u ld n o t tell h im so. A t 2.00 am , F ish e r b a rg e d into o u r ro o m to tell R ob he agreed w ith h im and h ad w o rk ed o u t a p ro p e r so lu tio n . R ob said he was m u c h pleased since he h a te d to differ w ith anyone, especially R. A. F . T h is was c h a ra c te ristic of R ob. O n m any occasions, he show ed th e sam e k in d ly c o n sid e ratio n for o th ers (eg W ie n e r).' P ro fe sso r R. I. N . G reav es w rites a b o u t his C a m b rid g e days:
'T h e re is an a m u sin g sequel to th e discovery th a t I was R h -ve [see p. 460 ]. S h o rtly afte rw a rd s a M rs S te d m a n w ho lived in the F en s had an e ry th ro b la stic bab y w h ich co u ld only be e x p lain ed if R h -ve was an a n tig e n factor. So R ob w ho was R h + ve su ggested th a t he sh o u ld try to im m u n ise h im se lf against m y cells. So for m an y days I used to in ject som e of m y cells into his a b d o m in a l wall. (W e w ere no t aw are of th e d a n g e rs of hom o lo g o u s se ru m ja u n d ic e in those early days). F o rtu n a te ly all was well b u t I d o n 't th in k we ever p ro d u c e d any a n tib o d ie s . ' 'Before he cam e to C a m b rid g e R ob h ad lived on a barge on the T h a m e s , n ear to A. P. H e rb e rt, and he used to love to go to his " local" for a d rin k and a chat in th e evenings. W h en he cam e to C a m b rid g e he reckoned th a t if he was to c o n tin u e his social h ab its he w ould be m u ch h a p p ie r w ith a house in the h u m b le r d istric ts of C a m b rid g e . T h is w orked well for a w hile, b u t one evening on his way hom e w h en he d ro p p e d in at his usual " local" , he was m et w ith a sto n y silence and was avoided by his friends. O n re tu rn in g hom e his wife in fo rm e d him th a t th e fleas, left b e h in d on the h e a rth -ru g w hen the k itten died, had been dealt w ith by the h ealth a u th o rity w ho had arriv ed in a van m ark ed " P est C o n tro l" -and w ord had got ro u n d . I can still hear him telling th is story against h im self w ith his c h a ra c teristic chuckle and la u g h .'
I (C . A . C .) got to know R ob ab o u t 1954 and so never m et M onica. Because I th o u g h t read ers w ould like to know m ore ab o u t her I asked L ady Sw ann, w ho h a p p e n s to be h e r niece, for som e rem iniscences: 'I knew M o n ica fro m m y earliest days-she was very m u c h m y tw in b r o th e r 's a n d m y fav o u rite a u n t, and w h en we w ere y o u n g we sh a re d m any fam ily holidays w ith h e r. W h e n she was th e re e v e ry th in g alw ays seem ed to be h a p p y and peaceful. M o n ica was m y m o th e r 's y o u n g e r sister, and th ey b o th h ad a rem ark ab le gift of rela tin g to c h ild re n . M o n ic a used to succeed in tea c h in g c h ild re n to read w hen th e ir p a re n ts and teach ers h ad given up all h ope. A fter th e w ar, m y h u sb a n d M ich ael and I sh ared th e sam e h ouse w ith M o n ica and R ob in C a m b rid g e for a m o n th or tw o. It was th e S w ann fam ily house, and the R aces lived th e re for a w hile w h en M ichael was in th e A rm y. T h e y h ad tw o c h ild re n at th e tim e, and we h ad o n e-all u n d e r fo u r years old-q u ite a hou sefu l and th ey all ad o red M onica. W h en we w ere y o u n g we used to sp e n d C h ristm a s w ith m y g ra n d p a re n ts in St J o h n 's W ood. I su p p o se I am talk in g a b o u t th e 1930s; anyw ay R ob and M o n ica and v arious o th e r relatio n s used to com e for the day, and after th e delicious lu n ch R ob u sed to say: " N ow I w ould like to take a sam ple of y o u r b lo o d " to everyone! In fact we w ere a 'g u in ea -p ig fam ily ' for blood g ro u p s, and we w ere of som e in te re st to R ob and his research as it tu rn e d o u t years later th a t I and m y h u sb a n d , and hence o u r fo u r c h ild ren , w ere all R h esu s negative! It was ra th e r jolly, and I th in k we w ere p ro u d of b ein g a 'g u in ea -p ig fam ily '! M o n ic a 's early d e a th was tragic b u t R u th and R ob m anaged to m ake a very h a p p y fam ily life for th e c h ild re n .' D r A rth u r M o u ra n t, F .R .S ., also w ritin g of th e D allas and M exico C ity m eetin g s in 1946, re p o rte d th a t R ob had said the m o st rem ark ab le th in g he had seen was men d rin k in g milkl H e also co u ld n o t u n d e rsta n d w hy, w hen he o rd e re d tw o cans of b e e r to be sent up to his h otel room they alw ays sen t up two glasses! H e b ro u g h t back w ith h im , in those days of clothes ratio n in g , a g en ero u s su p p ly of nylon stockings for all his w om en assistants. D u rin g the In te rn a tio n a l H aem atological C ongress at C a m b rid g e in 1950, in p erfect w eath er, he and M onica b o rro w ed a rela tiv e 's house and kep t open house for all com ers.
A rth u r also w rites of a m ee tin g in C old S p rin g H a rb o r in 1949:
'W e h ad ju s t a rriv ed from L o n d o n and w ere ho u sed in one of th e old ram b lin g b u ild in g s of th e biological sta tio n -the W h a le rs ' H ouse. R ob was kneeling by his b ed fixing a light p lug w hen the geneticist A d rian S rb cam e in, and R ob said " I d o n 't su p p o se you have ever seen an E n g lish m an at his p ray ers b e fo re ." S rb answ ered " O n th e co n tra ry I am a H oly R oller m y se lf."
'R ob was a great lover of E n g lish lite ra tu re , especially Jam es Joyce, w hose p rose is, I m u st confess, alm ost in co m p reh e n sib le to m e. B ut it cam e to him as a revelation of a new w orld of expression. R ob was a great a d m irer of R. A. F ish er, and greatly valued his stim u lu s and advice on p u rely scientific m atte rs, b u t he was w ary of his influence in o th e r m a tte rs. W h e n I w as b e in g p resse d by F is h e r to accept tobacco m o n ey for rese a rc h on th e gen etics of sm o k in g R ob ad vised m e ag ain st b e c o m in g in v o lv ed -advice fo r w h ich I rem a in g ra te fu l. ' 'R ob an d R u th u sed to sw im in th e T h a m e s at lu n c h tim e , and one day R ob a n n o u n c e d th a t he was th in k in g o f sw im m in g to w ork, b u t of co u rse h o u rs of w ork w o u ld have to be a ltered to c o rre sp o n d w ith th e tid e s .' P ro fe sso r R. R. A. C o o m b s, F .R .S ., w rites: 'W h ile R ob was c alcu latin g his re q u ire m e n ts for th e co m in g year at th e L is te r In s titu te all he co u ld th in k o f to ask for w as so d iu m c h lo rid e -a lesson for us all to d a y .' P ro fe sso r P. L . M o lliso n , F .R .S ., w rites: 'I re m e m b e r h im (R ob) tellin g m e in th e early days of o u r a c q u ain ta n c e (ab o u t 1947) th a t u n til G . L. T a y lo r died the lab books h ad b een locked up in th e lab at n ig h t; w h en R ob took over he im m ed iately a d o p te d the p ractice of tak in g the books hom e w ith him . T h u s he began th e era o f m ak in g the lab resu lts p a rt of his recreatio n (m y in te rp re ta tio n ).' D am e Ja n e t V aughan, F .R .S ., w rites:
'I knew h im (R ob) in th e very early days w hen he w orked on one of m y ach o lu ric fam ilies and th en later he becam e so learned th a t I only saw h im in a social w ay-p a rticu la rly in " T h e B un S h o p " at C a m b rid g e , w hen we w ere all w ork in g on d ried blood p ro d u c ts and I used to drive su p p lies over from S lough to C am b rid g e. W h at a sp le n d id p erso n he w as-so learned and such f u n .' P ro fesso r Sylvia L aw ler w rites:
'W e w ere to g eth e r at the L iste r In s titu te in th e early days and I left th e re in 1949. 'I shall alw ays be very g rateful to R ob for the sound tra in in g in research m eth o d s th a t I was given u n d e r his guidance and for his exam ple in how one tre a ts o n e 's ju n io rs, o n e 's equals, seniors and c o m p e tito rs. W h e n , a few years later, th e L iv e rp o o l g ro u p had th e idea of p re v e n tin g R h esu s im m u n iz a tio n by in je c tin g the m o th e r w ith a n ti-D w e c o n ta c te d R ob. H e th o u g h t th e su g gestion was a good one and advised u sing 19S a n ti-D because n a tu ra lly o c c u rrin g a n ti-A and an ti-B are m o stly of th is form . W e obeyed, b u t th o u g h we got rid of th e in jected R h + ve cells th e R h -ve v o lu n te e rs w ere n o t p ro te c te d . O u r critics said 'I to ld y ou so ' b u t R u th rescued us. In 1960 she h e a rd a p a p e r, in th e U .S .A . at th e A m erican A ssociation of B lood B anks, by K u r t S te rn and M aya B erger. T h e y h ad show n th a t injectio n of R h esu s negative m ale v o lu n te e rs w ith R h + v e A B O c o m p a tib le red cells p rev io u sly coated in vitro w ith R h a n tib o d R h esu s sen sitizatio n in th e rec ip ie n ts, so away we w ent; 7S a n ti-R h w o rk ed in th e v o lu n te e rs and th e rest is well know n. 'T h e w ay R u th ru sh e d to tell us a b o u t S te rn and B erger d e m o n stra te s th e frie n d lin ess and h e lp fu ln ess w h ich w as so typical of R. & R. T h e y acted like a m ag n et, a ttra c tin g p ro b le m s fro m people all over th e w orld. Jo an F ish e r Box (F is h e r's d a u g h te r) got it rig h t w hen she d e scrib ed how R ob had b ro u g h t his new assistan t, R u th , to m eet th e g reat R. A. F ish e r in C a m b rid g e in 1946 . " B oth m en w ere e n c h a n te d by h e r u n in h ib ite d m an n e rs, w arm h e a rt and lively in te lli gence. Race stood in awe of F ish e r a n d was asto n ish ed th a t anyone w ould be so b old as to tease the g reat m an as she did. F ish e r fo u n d it d elig h tfu l to be tre a te d frankly and w ith o u t fe a r." 'R ob and R u th effected such a sym biosis th a t like a c h im era each h ad so m e th in g of th e o th e r and in th e fulness of tim e a n o th e r b io g ra p h e r will have th e sam e p ro b le m -to try and find o u t w ho did w hat. It was a m arvellously h a p p y m arriag e, w ith only R o b 's last illness to m ar it, and even th is b ro u g h t o u t the s tre n g th of R u th 's c h a ra c te r and th e in te n sity of th e ir a tta ch m e n t.
'B ut one p o in t is u n iq u e to R o b -he is a trib u te to late d e v e lo p m en t, w ith his love of lite ra tu re and B ritish h u m o u r co m in g well before an in tro d u c tio n to science. T h e re is th ere fo re no gobbledegook and Blood groups in man em phasizes the d esirable sequence of C itatio n given by P ro fesso r J. V. D acie, F .R .S ., on 18 O c to b e r 1972 at th e R oyal C ollege of P hysicians before Race was given th e C onw ay E vans P rize (D acie 1975) .
'In 1925 tru s t fu n d s of the estate of the late D r C onw ay E vans w ere tra n sfe rre d to the P re sid e n t of the Royal Society and the P re sid e n t of th e Royal C ollege of P hysicians of L o n d o n of th a t tim e so th a t th ey and th e ir successors could, at th eir discretio n , bestow a rew ard (I quo te) for a valuable a d d itio n or c o n trib u tio n to Science. D r. R o b e rt R ussell Race now jo in s the list of very d istin g u ish ed C onw ay E vans P rizem en .
'Since 1900 w hen L a n d ste in e r d e m o n stra te d differences in the a g g lu tin ab ility of h u m an red cells by sam ples of norm al h u m an se ru m , and by doing so discovered the A B O blood gro u p s, k n o w ledge of the h u m an blood g ro u p s has ex p anded in an asto n ish in g way and has p ro fo u n d ly influenced the science and practice of m edicine. T h e discoveries c o n cern in g the h u m an blood g ro u p s have, too, influenced en o rm o u sly o u r know ledge of h u m an genetics and po ly m o rp h ism s. It is at the in terface b e tw e en blood g ro u p s and genetics th a t D r Race has m ade his ow n o u tsta n d in g c o n trib u tio n s.
'D r Race e n te re d th e blo o d g ro u p scene in 1937-w hen th ree only o f th e large n u m b e r of m ajo r blo o d g ro u p system s now k n o w n to exist h ad b een disco v ered . H e ch a rm in g ly has d e scrib ed how he e n te re d into th a t field. It was alm ost casual. In th e B ritish M edical J o u rn a l was an a d v e rtise m e n t for a p o st in the G a b o n L a b o ra to ry at U n iv e rsity C ollege L o n d o n : it w as for a m edically qualified serologist. D r Race w as qualified, ju s t, b u t did n o t know w ho or w h a t a serologist was. A fter som e h e sita tio n -d u rin g w hich tim e th e B .M .J. was lost b u t even tu ally fo u n d -his cu rio sity p ro m p te d h im to see w h a t th e p o st was all ab o u t. H e m et at th e in terv iew D r (later S ir R o nald) F ish er, a m an of exceptional calibre and vision, w ho foresaw th e po ssib ility th a t stu d y of th e blo o d g ro u p s m ig h t be used as a tool by w h ich h u m a n ch ro m o so m es m ig h t be m ap p e d . Y oung D r Race was sw ept off his feet and took th e post.
'H e rem a in e d at U n iv e rsity C ollege b etw een 1937 and 1939, th e n sp e n t th e w ar p e rio d at th e G a lto n L a b o ra to ry S e ru m U n it in its te m p o ra ry q u a rte rs in th e D e p a rtm e n t of P ath o lo g y , C a m b rid g e . In 1946 he re tu rn e d to L o n d o n as D ire c to r of th e M .R .C . B lood G ro u p U n it at th e L is te r In stitu te , a p o sitio n he still h olds.
'D r R ace's c o n trib u tio n s to the stu d y of blood g ro u p s and genetics could n o t possibly be o v e rsta te d , and in his m o d estly sized lab o ra to ry at th e L is te r In s titu te a g en eratio n of blood g ro u p serologists have b een tra in ed . T h e y have b een fo rtu n a te in the w holly exceptional c h a ra c te r of th e ir ch ief-his m o d esty , ch a rm , en th u sia sm and o u tsta n d in g ability.
'D r R a c e 's m ag n u m opus, w ritte n w ith his wife D r R u th S anger, is his book Blood Groups in M an, of w h ich five ed itio n s have been p u b lish e d since 1950. It is su p erflu o u s to say th a t th is m arvellous book has no equal in its field. It is a book rem ark ab le in c o n te n t and style-n ev er heavy, desp ite th e com p lex ity of th e su bject, often lig h t-h e a rte d and spiced w ith h u m o u r, and w ritte n in im peccable R u th S a n g e r a n d saying th is gives m e th e o p p o rtu n ity of pay in g trib u te to th e c o m p le m e n ta ry p a rt play ed in R o b e r t's w ork by his w ife R u th -h e rse lf a d istin g u is h e d sc ie n tist and ju s tly elected th is y ear a F ellow o f th e R oyal Society.
'It is in rec o g n itio n of D r R o b e rt R a c e 's o u tsta n d in g w ork on h u m a n b lo o d g ro u p s and gen etics th a t th is C ollege aw ard s h im th e C o n w ay E v an s P riz e .' I am also m o st g ratefu l to m y wife Feo for h e lp in g m e to p u t to g e th e r w h a t I fo u n d to be a m o st fascin atin g story.
T h e p h o to g ra p h re p ro d u c e d was taken in 1972 at the o p e n in g of the new R ed C ro ss B lood T ra n sfu s io n C e n tre in H elsinki.
